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Cochlear otosclerosisAbstract This prospective study was carried out to assess the radiological ﬁndings in patients with
otosclerosis using high resolution multislice CT scan and to correlate these ﬁndings with audiolog-
ical ﬁndings in those patients. This study was done at Al Azhar University hospitals during the per-
iod from Jan 2012 to Jun 2014. Thirty-two patients were enrolled in this study; 13 (40.63%) males
and 19 (59.37%) females. Their age ranged from 13 to 55 with a mean of 36.21 ± 8.7 years. Written
consent was taken from all patients. Multislice CT scan was done to all patients and reports were
done by computer assisted analysis with thorough audiological assessment including pure tone
audiometry, tympanometry and stapedial reﬂex. Positive ﬁndings were present in 40/58 ears
(69%) while negative ﬁndings were present in 18/58 ears (31%). Otosclerotic foci were more
detected when slice thickness was lesser than one millimeter especially at ﬁssula ante fenestrum
and round window region. There was a good correlation between air bone gap and CT score
(p= 0.002). High resolution multislice CT helps in the diagnosis of otosclerosis with sensitivity
(69%) and it aids in the diagnosis of doubtful cases. Otosclerosis has a special predilection to affect
certain sites mainly the ﬁssula ante fenestrum followed by the round window and the cochlear
promontory.
ª 2015 Egyptian Society of Ear, Nose, Throat and Allied Sciences. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
Otosclerosis is a primary focal osteodystrophy of the human
otic capsule with an initial clinical manifestation of slowly pro-
gressive conductive or mixed hearing loss, tinnitus andvestibular symptoms. As the disease progresses, inner ear
symptoms, such as sensorineural hearing loss and tinnitus
may manifest themselves constituting a dynamic clinical fea-
ture. Due to the close anatomic relationship between the vesti-
bule and the stapes footplate, vertiginous symptoms can occur
in patients with otosclerosis.12
With the introduction of the high-resolution temporal bone
computed tomography, it may aid in the diagnosis of otoscle-
rosis before surgical exploration. It provides visualization ofed.
Figure 1 Otosclerotic foci in FAF.
248 A. EL Maraghy et al.bony demineralization as hypodense or radiolucent lesions at
the ﬁssula ante fenestrum and cochlear otic capsule. The hypo-
dense lesions are related to the active spongiotic lesions.
Inactive otosclerotic lesions may have the same density as
the surrounding bones.16
Preoperative high resolution CT (HRCT) helps to allow the
positive diagnosis of otosclerosis, foresee anatomic difﬁculties
(i.e. narrow oval window, facial dehiscence) and look for other
associated diagnosis (i.e. malleolus ﬁxation, ossicular malfor-
mation), identify a risk of mobilized stapes footplate in cases
of negative or doubtful images, and inform patients of the pos-
sible risk of postoperative sensorineural hearing loss in cases of
pericochlear, internal auditory canal, or round window
involvement.11
Marshall et al.13 have published a CT grading system for
otosclerosis: grade 1, solely fenestral, either spongiotic or
sclerotic lesions, evident as a thickened staped footplate,
and/or decalciﬁed, narrowed, or enlarged round or oval
windows; grade 2, patchy localized cochlear disease (with or
without fenestral involvement) to either the basal cochlear turn
(grade 2A), or the middle/apical turns (grade 2B), or both the
basal turn and the middle/apical turns (grade 2C); and grade 3,
diffuse conﬂuent cochlear involvement of the otic capsule (with
or without fenestral involvement). Grade 3 is differentiated
from grade 2C by the diffuse conﬂuent involvement in grade
3 of the entire cochlea, where as grade 2C has patchy focal
involvement of the entire cochlea (see Fig. 1).
This study was carried out to assess radiological ﬁndings in
patients with otosclerosis using high-resolution multislice CT
scan and to correlate the radiological ﬁndings with the
audiological ﬁndings in patients with otosclerosis, and to
study the role of high-resolution multislice CT scan in
preoperative assessment of patients with otosclerosis
regarding the anatomical and pathological reconsiderations
(see Fig. 2).2. Patients and methods
This prospective study was done at the Alazhar University
hospital between Jan 2012 and Jan 2015. This study was car-
ried out on 32 patients complaining of conductive hearing loss
and SNHL diagnosed clinically and audiologically as otoscle-
rosis. Their age ranged from 18 to 55 years with a mean of
36.21 ± 8.7 years. There were 13 males (40.63%) and 19
females (59.37%). Written consent was taken from all patients.
Patients who underwent surgical intervention before the study
for correction of conductive deafness in the examined ear will
be excluded (see Fig. 3).
All the patients included in the study were subjected to:
1. Full general history taking (especially family history):
including personal history, complaints, history of present
illness, especially symptom of hearing affection with special
concern about the onset of hearing affection and its pro-
gression and family history including all relatives affected
with the same condition especially those affected at young
age.
2. General examination: with special emphasis to exclude
patients with congenital syndromes that may affect hearing.
3. Complete otolaryngologic, head and neck examination: to
exclude other causes of conductive hearing loss, including:
otoscopic examination and tuning fork tests.
4. Full audiological assessment at the time of diagnosis
including pure tone audiometry, tympanometry and stape-
dial reﬂex.
According to the committee of hearing and equilibrium of
the American academy of otolaryngology-head and neck: to
include the hearing thresholds at 0.5, 1, 2 and 3 kHz in a 4-
frequency pure tone average (PTA) (committee on Hearing
and Equilibrium, 1995), in practical terms it probably does
Figure 2 Round window involvement by otosclerosis in CT.
Figure 3 Cochlear promontory involvement by otosclerosis in CT.
Role of CT scan in otosclerosis 249not matter what air conduction four frequency averages are
taken as they are usually within 2–3 dB.15
The mean air-bone gap was deﬁned as the mean air
conduction threshold minus the mean bone conduction
threshold (see Fig. 4).
Conductive hearing loss (CHL) was diagnosed if the mean
air-bone gap was more than 10 dB HL and the mean bone
conduction threshold was less than 25 dB HL.If the mean air-bone gap was less than 10 dB HL
and the mean bone conduction threshold was more
than 25 dB HL, sensorineural hearing loss (SNHL) was
diagnosed.
When the mean air-bone gap was more than 15 dB HL
and the mean bone conduction threshold was more
than 25 dB HL, the diagnosis was mixed hearing loss
(MHL).
Figure 4 Involvement of the cochlear apex by otosclerosis in CT.
250 A. EL Maraghy et al.5. High resolution multislice CT scanning:
Axial and coronal CT sections (section thickness, 0.5–
1 mm; increment, 0.5 mm) were obtained using the following
parameters: 1 s, 90–300 mA, 110–130 kV, matrix 512 · 512,
and bone window between 3500 and 4000 HU centered at
350–650 HU, in the absence of intravenous contrast and imag-
ing included the entire petrous bone. High resolution scans of
the temporal bones were performed with a 4-detector row CT
scanner (Asteion, Toshiba medical systems corporation,
Tokyo, japan) (see Fig. 5).
The otosclerotic lesions were characterized as hypodense
areas in the otic capsule or by the presence of focal points of
thickening and/or obliteration in the oval and round windows.
The thickness of the footplate was considered abnormal if it
was found to be greater than 0.6 mm.25 Otosclerotic foci were
identiﬁed according to their location in the otic capsule and
divided to fenestral and retrofenestral lesions. The ﬁrst isFigure 5 Classic double ring sign arocharacterized by lesions preferentially located in the lateral
wall of the otic capsule i.e. the regions of the round and oval
windows, promontory and tympanic segment of the fallopian
canal. The second is the presence of otosclerotic foci in the
other regions of the labyrinthine capsule, including the peric-
ochlear region, the semicircular canals, internal acoustic mea-
tus, vestibule, and cochlear and vestibular aqueducts.24,22
Correlation with hearing loss was made by evaluating the
number of otospongiotic foci at the 6 sites mostly affected
by otosclerosis: the ante fenestrum, the round window, the
cochlear promontory, the cochlear apex, basal turn of the
cochlea and the posterior fenestrum. A review of these sites
could provide a practical method in an ofﬁce setting for
reviewing CT scans of patients suspected of having
otosclerosis.
Correlation with hearing loss was also made by reporting
the presence of footplate thickening as a separate entity due
to the difference in the pathogenesis and its appearance inund the otic capsule in otosclerosis.
Table 2 Bilaterality of positive ﬁndings in CT among patients
affected by otosclerosis.
Bilaterality of positive ﬁndings No. of patients Percentage (%)
Bilateral +ve 17 74
Unilateral +ve 6 26
Role of CT scan in otosclerosis 251CT even in the sclerotic phase of otosclerosis. Reports on
MSCT were done by computer assisted analysis. Comments
have been made on the positivity and bilaterality of the oto-
sclerotic foci on CT scans. Reports on middle ear and ossicular
conditions commenced especially in the presence of isolate
congenital anomalies and dehiscent facial nerve near the region
of the stapes footplate. Also the inner ear was examined after
the acquisition of the high resolution multislice CT to
comment on the width of the cochlear and vestibular aque-
ducts. The cochlear aqueduct was considered widened when
it measures more than 0.2 mm at any part through its course.7
The vestibular aqueduct was considered enlarged according to
the Cincinnati criteria, which were based on a statistical anal-
ysis which deﬁned vestibular aqueducts with midpoint depth
(1.0 mm) or opercular width (2.0 mm) that were greater than
the 95th percentile3 superior semicircular canal was examined
for the presence of dehiscence between it and the middle cra-
nial fossa.
3. Results
The incidence of positive ﬁndings was 40 (69%) ears, while the
incidence of negative ﬁndings was 18 (31%) ears (see Table 1).
In the present study, 17 patients (74%) had positive CT
ﬁndings bilaterally while 6 patients (26%) had unilateral posi-
tive ﬁndings (see Table 2).
There was a statistically signiﬁcant inverse correlation
between age and CT ﬁndings (Spearman rho (p) = 0.480
with p-value < 0.001) i.e. CT ﬁndings tend to decrease with
age. Bone conduction thresholds tend to increase with age
(Spearman rho (p) = 0.358 with p-value = 0.006) (Fig. 6)
(see Table 3).
ABG tends to decrease with age but this did not reach any
statistically signiﬁcant value (Spearman rho (p) = 0.079 with
p-value = 0.557).
There were a statistical signiﬁcance between footplate
thickening and CT score (p< 0.0001) (see Tables 4–6).
4. Discussion
Although the diagnosis of otosclerosis is generally based on
clinical history, physical examination, and audiological ﬁnd-
ings, it is more difﬁcult to conﬁrm the diagnosis or to diagnose
advanced otosclerosis or cochlear otosclerosis.10
Otosclerosis is an important and common cause of
conductive deafness. Presently most patients with acquired
conductive deafness are managed with a presumptive diagnosis
based on clinical features––this diagnosis may be otosclerosis
or tympanosclerosis or ossicular erosion. The surgeon gener-
ally plans for all possibilities and proceeds with exploratory
tympanotomy.18
With the introduction of high resolution temporal bone
computed tomography (TBCT), it may aid in the diagnosisTable 1 Incidence of positive ﬁndings among affected ears.
No. of ears % of ears
CT ve 18 31
CT +ve 40 69of otosclerosis before surgical exploration. The TBCT provides
visualization of bony demineralization as hypodense or radi-
olucent lesions at the ﬁssula ante fenestram and cochlear otic
capsule.16 In the last decade, the role of HRCT in ruling out
other causes of conductive deafness has been better delineated.
Lately, however, radio-diagnostic studies have approached 90
percent or higher sensitivities in diagnosing otosclerosis.18
In the present study, CT was able to identify otosclerotic
foci in 40/58 ears (69%). Various sensitivities of CT for the
diagnosis of otosclerosis have been reported. The rate of pos-
itive imaging results ranged from 77.7% to 100%. Japanese
race has been implicated in a lower detection rate for otoscle-
rotic foci of 54%.9 Compared with otosclerosis patients of
other ethnicities,6 reported a positive radiographic rate of only
12% in patients with surgically conﬁrmed clinical otosclerosis
in a Chinese population. In Taiwanese patients, CT was able to
identify otosclerotic foci in 11/24 ears (46%).12
Shin et al.21 found positive CT ﬁndings in 399 out of 437
ears (91.3%). Naumann et al.17 found otosclerotic foci visual-
ized in 85% of cases. Vicente et al.26 reported that CT was able
to identify otosclerotic foci in 77.7% of ears. Positive CT ﬁnd-
ings were noted in 70.5% of ears, with a 94% concordance
between readings in a study by Wcherly et al.27 Among the
ears with otosclerosis (n= 42), HRCT revealed 25 positive
ﬁndings indicating a sensitivity for otosclerosis as 71.18% in
a study by Karosi et al.8
In contrast with Far East, the positive imaging rate in the
present study is closer to the rate in the above mentioned
Caucasian population, which might result from racial differ-
ences or difference at the time of diagnosis of the disease.
Otosclerotic foci can be detected in HRCT scans by manual
reading or via the workstation-based images. With reconstruc-
tion at workstation, Naumann et al.17 found that the detection
rate in otosclerotic foci increased by 11% (from 74% to 85%).
Their ﬁndings show that CT scans should be read at the work-
station, preferably with free zoom to decrease the rate of false-
negative interpretation; the physician should not rely solely on
printed ﬁlms.
The present study also conﬁrmed this view and our imaging
rate increases with computer-aided analysis of the HRMSCT.
The presence of inframillimeter lesions and/or inactive oto-
sclerotic (sclerotic) foci in the otic capsule is the main cause for
a negative CT result.26 Schuknecht and Barber20 deﬁned
lesions as small (less than 2 mm), medium (2–4 mm), and large
(more than 4 mm). They found that lesions of less than 2 mm
were present in a signiﬁcant number of ears (23.9%) and were
less likely than larger lesions to be ‘‘active’’ histologically.
Wcherly et al.27 did not ﬁnd a dramatic difference in the detec-
tion rate of otosclerosis with the smaller slice thicknesses used
today, however, they concluded that both a smaller slice thick-
ness and an ability to image the sclerotic lesions in otosclerosis
will be required to detect these more subtle lesions. Berrettini
et al.1 reported that diagnosis of otosclerosis with HRCT is
Figure 6 Extensive otic capsule involvement by otosclerosis in CT.
Table 3 Lesion location and number of lesions among
affected ears.
No. of sites
aﬀected
No. of
ears
Ante fenestrum only 1 11
Ante fenestrum and round window niche 2 7
Ante fenestrum and cochlear apex 2 1
Ante fenestrum and cochlear promontory 2 2
Ante fenestrum, round window niche and
cochlear promontory
3 4
Ante fenestrum, cochlear apex and basal
turn of the cochlea
3 2
Ante fenestrum, cochlear promontory and
cochlear apex
3 2
Ante fenestrum, round window niche,
cochlear promontory and cochlear apex
4 3
Ante fenestrum, round window niche,
cochlear promontory, cochlear apex and
basal turn of the cochlea
5 2
Ante fenestrum, cochlear promontory,
cochlear apex, basal turn of the cochlea
and posterior fenestrum
5 1
Ante fenestrum, round window niche,
cochlear promontory, cochlear apex, basal
turn of the cochlea and posterior fenestrum
6 3
Table 4 The incidence of positive ﬁndings according to site.
Type of aﬀected site Percentage (%)
Fissula ante fenestrum 95
Round window 47.5
Cochlear promontory 45
Cochlear apex 20
Posterior fenestrum 10
Table 5 Correlation matrix showing the correlations among
age, CT score, air-bone gap, and bone conduction.
Age CT
score
Average
ABG
Average
BC
Age Spearman
rho (p)
0.480 0.079 0.358
p-value <0.001 0.557 0.006
CT score Spearman
rho (p)
0.480 0.398 0.132
p-value <0.001 0.002 0.323
Average
ABG
Spearman
rho (p)
0.079 0.398 0.011
p-value 0.557 0.002 0.934
Average
BC
Spearman
rho (p)
0.358 0.132 0.011
p-value 0.006 0.323 0.934
252 A. EL Maraghy et al.limited by the fact that the foci can be detected only when their
diameter is great enough (0.5 or 1 mm) to overcome the
partial-volume artifacts related to the slice thickness.
In the present study, otosclerotic foci were detected more
when slice thickness was lesser than one millimeter especially
at the FAF and round window region.
CT scans have some limitations in detecting otosclerotic
foci. False-negative data may result from inframillimeter
lesions, inactive otosclerotic foci and density variations of less
than 200 Hounsﬁeld (HU) which are invisible to the naked
eye.12 Fraysse et al.4 commented upon these ‘infra-radiologi
cal’ cases as being due to a beginning focus, it was present in
8.7% of the cases in their study. In addition, there are also
other disorders, such as ankylosis or ﬁbrous changes of the
annular ligament, as described by Cherukupally et al.2 which
can cause signiﬁcant ABGs without being detected on CT.
In the present study, those cases of otosclerosis that were
not picked up by HRCT (18 out of 58 cases or 31%) may be
due to the above mentioned limitations of HRCT or to an
annular type of ﬁxation.
Table 6 Relation between footplate thickening, CT score,
average bone gap and average bone conduction.
Variable No footplate
thickening
(n= 36)
Footplate
thickening
(n= 22)
P-value Signiﬁcance
CT score 1 (0–2) 3 (1–3) <0.0001 Signiﬁcant
Average
air-bone
gap (dB)
26 (23–31) 30 (28–33) 0.009 Signiﬁcant
Average
Bone
conduction
(dB)
25 (21–31) 20 (19–25) 0.008 Signiﬁcant
Data are presented as median (interquartile range).
Role of CT scan in otosclerosis 253Marx et al.14 showed that extension of otosclerotic lesions
was found to have an effect on preoperative PTA. In fact,
PTA thresholds were signiﬁcantly poorer in cases of extensive
otosclerosis. They deﬁned three categories of CT scan results
based on the site and the extension of otosclerotic lesions.
(1) Negative CT scan. (2) Isolated fenestral otosclerosis, i.e.
either foci limited to the oval window area, such as anterior
fenestral hypodensity and/or complete thickening of the foot-
plate; or doubtful small lesions, such as isolated partial thick-
ening of the anterior part of the footplate or triangular
enlargement of the anterior crus of the stapes. (3) Extensive
otosclerosis with one or several hypodensities involving the
pericochlear, the internal auditory canal, and/or the round
window. Fenestral lesions extended to the cochlear endosteum
or to the vestibule were also included in this category. In their
study, PTA thresholds were poorer (ANOVA, p 0.0012 for
AC, p= 0.02 for BC) and the ABG was signiﬁcantly larger
(ANOVA, p= 0.025) in the group with extensive otosclerosis.
Wcherly et al.27 found that the ABG was statistically signif-
icantly associated with the number of affected sites. For each
additional site affected, the average ABG increased by
7.6 dB (95% conﬁdence interval CI, 2.8–12 dB; p 0.004). For
the pairwise comparisons, patients with 3 and 4 affected sites
were combined because the sample sizes were small. Patients
with 3 or 4 affected sites had a statistically signiﬁcantly higher
ABG than did patients with 0, 1, or 2 affected sites (p z: 0.001,
p 0.004, p 0.003, respectively). Speciﬁcally, patients with 3 or 4
affected sites had, on average, an ABG 34 dB higher (95% CI,
17–51 dB) than did those with 0 sites, 27 dB higher (95% CI,
10–43 dB) than did those with one site, and 30 dB higher
(95% CI, 13–48 dB) than did those with 2 affected sites.
The results of the present study show that there was a good
correlation between ABG and CT score (Spearman rho
(p) = 0.398 with p-value = 0.002). When confounded by age,
this correlation was difﬁcult to be demonstrated by our regres-
sion model. This may be explained by the fact that with aging
the BC thresholds tend to worsen (increase) and the ABG
tends to decrease as demonstrated by our results when direct
correlation was done between age and ABG although this
did not reach a statistically signiﬁcant level. Also CT ﬁnding
tends to decrease with age and this was supported by our
results when direct correlation was done between age and
CT ﬁndings (p-value < 0.001). So there is direct correlation
between ABG and CT irrespective of age.Also at the early stage of the disease, there is a trend to the
ABG to increase while at the same time the CT ﬁndings tend to
increase until the disease activity ceases then the CT ﬁndings
tend to decrease as the bone density increases in the sclerotic
phase23,24,26 and Wcherly et al.27) and at the same time the
ABG decreases with worsening of the BC.
A study by Samimi-Ardestani et al.19 showed that when
operating on otosclerotic patients who have poor hearing
thresholds, surgeons may encounter higher grades of footplate
thickness intraoperative. They were also expected to ﬁnd a
relationship between air bone gap and footplate thickness,
but their ﬁndings in this regard were not statistically signiﬁ-
cant. Instead, they noticed that when bone conduction thresh-
olds were less than 20 dB, the likelihood of having a thick
footplate decreased. Genc and Sennaroglu5 showed that there
was no difference between bone-conduction thresholds in
obliterative otosclerosis and those of the annular form.
The relationship between footplate thickening in CT and
hearing thresholds was not assessed before. The results of
the present study show that there was a statistically signiﬁcant
correlation between thickening of the footplate in CT and
ABG (p-value 0.009). So ABG tends to increase with thicken-
ing of the footplate.
Correlation was seen between footplate thickening and BC
thresholds in which there was inverse correlation and this was
statistically signiﬁcant (p-value 0.008) i.e. BC thresholds tends
to decrease with footplate thickening and this ﬁnding was in
concordance with that in the study by Samimi-Ardestani et al.19
The reason behind this ﬁnding may be attributed to the age
of presentation of the disease in which patients present at early
stages where footplate thickening is more common while BC
thresholds are still mildly affected. So this relationship should
be demonstrated in larger studies with sampling methods
based on the prevalence of the disease and not only the age
of presentation in which patients tend to seek medical advice.
There was also a statistically signiﬁcant correlation between
thickening of the footplate in CT and CT score (p-value 0.009).
So ABG tends to increase with thickening of the footplate.
5. Conclusion
High resolution multislice CT helps in diagnosis of otosclerosis
with sensitivity (69%) and it aids in correlation of diagnosis in
doubtful cases. Otosclerosis has a special predilection to affect
certain sites mainly the ﬁssula ante fenestrum followed by the
round window and the cochlear promontory.
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